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Abstract 

We study the implication of R-parity violating ( Jjl p ) Minimal Supersymmetric Standard Model (MSSM) 
model in lepton polarization asymmetry (Alp) in B — * l + l~ decays . The analysis show that the Alp 
is significant in a certain phenomenological parametric region of Yukawa couplings. We have also placed 
indirect bounds on (A'* A) couplings as obtained from B — > t + t~. 

Rare leptonic and semileptonic B decays are a sensitive probe of physics beyond the standard model 
(SM). These decays are suppressed in SM and proceed through higher order diagrams. One can also study 
these decays in various extensions of SM like Two Higgs Doublet Model (2HDM) and $. p MSSM pp. Rare B 
decays are being searched at B factories (Belle and BaBar) [2] and also at Tevatron (CDF and DO) [3]. 
MSSM provides a framework for these decays at tree level. These decays provide valuable information 
through various phenomenological observables. Alp is one such observable. It is zero in SM and is non 
zero only in the presence of scalar and pseudoscalar interactions. Therefore its observation would provide 
a direct evidence of existence of such interactions. Some authors have explored the possibility of Alp in 
Higgs-Doublet Model 0]. We explore this possibility in the frame work of $ MSSM. Here, these interactions 
arise naturally as sneutrino and squark exchange terms. The I/i p superpotential is [5]. 



2' 



W K = -XijkLiLjE^ + X^LiQjDt + -X^U, D D k (1) 



where i, j, k are generation indices, Li and Qi are the lepton and quark left-handed SU(2)l doublets and 
E c , D c are the charge conjugates of the right-handed leptons and quark singlets, respectively. A^-fc , X' i j k and 
A"- fc are Yukawa couplings. Note that the term proportional to Xijk is antisymmetric in first two indices [i, j] 
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and \'-j k is antisymmetric in last two indices [j, k], implying 9(Ayk) + 27(A ijfc ) + 9 (^ijk) = 45 independent 
coupling constants among which 36 are related to the lepton flavor violation (9 from LLE C and 27 from 
LQD C ). The matrix element of (B — > ltlp~) is given as 
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G FCtV+hVi*. c n c B r 

^(Cpp (? 7 5 &)G,37%) + Cp5 (qj 5 b)(hh) + C AA {qri b b){l P ri%)) (2) 



where q — d,s ; (3 = e,fi,T and Cpp, Cps, are pseudoscalar, scalar and axial form factors as given 
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We reproduce here the following results on branching ratio and Alp defined in [4] after using PCAC. 
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The expression for longitudinal polarization asymmetry (Alp) is given by 
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Alp = 
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m Bq rn b +m q 

One re-expresses A L p (eq(4)) in terms of branching fraction (eq(3)) and Cps, taking the form factors to 
be real for practical purposes. 

2Vh 



A 



LP 



Br\B - l+l --MCps^Br{B q - l+l~ ) -h\C PS \'] 



where the constant h is defined as 
, G F a 2 

Eq.(5) can be re-arranged 
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(7) 



1± y/i-(A LP r 

We discuss the possibility of non-zero Alp in (B q — > Z^ Z^ ) in framework. We show that it arises naturally 
by sneutrino exchange terms. 

In lfl p MSSM the relevant effective Lagrangian is given by [SJ [7] 



AG F aV tb V t 



tq 
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-C% (T p P L h) (qP R b) 



(8) 
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The first term in eq. (8) comes from the up squark exchange (where q and b are down type quarks). The 
dimensionless coupling constants A b ^, B b ^ and depend on the species of charged leptons and are given 

by 



W ~ AG 



m.n.i— 1 y 
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r< b i 
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Form factors are obtained by comparing Eq. (2) by Eq. (8). 



(9) 
(10) 
(11) 



C A A = Agjj 

Cps = Bp 9 p + Cfy 
Cp P - B f3f} - L pp 
For (3 = e,fi; ~ 0.eq.(4). reduces to 
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-2Re[CpsCp P ] 



Cpp | 2 + |Cp S | z 

Substituting the expressions of form factors from eq.(13,14) into eq.(15), we get after simplifying 



iLP 
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(12) 
(13) 
(14) 

(15) 



(16) 



Eq.(18) may be used to constrain the parameter space (A-^A^, A-^A*^) for observed values of Alp- It 
also shows that Alp is observable for B — > 1^1^ (/3 = e,/tt) if size of A-^A*^ is different from A^A^ (see 
Fig.l) . 

We also get after substituting form factors from eq. (12-14) into eq. (5). 
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where 



h = —UbJ m Bq TB q {l- (— — ) )( — ; - ) 
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Branching fraction for (B q — > i+ig ; 3 = e,fi) are calculated [1] 



Q x 10 _14 f ^ ) 2 8 = e 



(18) 



(19) 
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Br(B° d -> Z+Z^) 



3-4xl0- 15 ( 5ir % 5F ) 2 ,/3 = e 
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3-2 xlO-^^o^) 2 ,^ 
Experimental bounds on branching fraction are given [5] 

5.4 x KT 5 ,/3 = e 

1.5 x l(T 7 ,/3 = fi 
6.1 x 10 -8 , Z = e 
3.9 x 10~ V = A* 

Indirect bounds on branching fractions from tau decays are given [5] 



Br(*2 -> lp-) < 
Br{B° d -> J+I-) < 



(21) 



Sr(B3 -> r+r - ) < 6 x 1(T 6 
Br(B® -> r+r - ) < 2 x 1CT 5 

We have studied the relation between branching fraction and Yukawa couplings (A* A') in Figs. (2, 3, 4). 
We have used data from [8l [10] . The graphs show a constrained region where branching fraction varies 
between upper experimental and lower theoretical limit for a fixed value of Alp- The plots show that 
for (B q — ► lpp]f3 — |U, r; g = rf, s) Yukawa couplings have a very tight parameter space as compared to 
(B q — ► e + e~). We have used bounds on Yukawa couplings [TT] for our analysis 



(mi^/lOOGeV) 2 
(m^^/lOOGeV) 2 



< 2.3 x 10~ 4 ; 

< 4.1 x 10~ 5 : 
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< 1.2 x 10~ 5 

< 6.2 x 10~ 6 
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Indirect bounds on Yukawa couplings (A* A') can be obtained for (B q — ► t+t ) from Fig. (4) assuming 
single coupling dominance. 



< 1.2 x 1(T 4 ; i = 1,2 

Summarizing we have studied contribution of $ p MSSM to A^p. Our analysis shows that Alp receives 
main contribution from sneutrino-exchange term involving Yukawa couplings (A' A). The squark exchange 
term involving Yukawa couplings (A' A') is suppressed by the lepton mass. An experimental observation of 
Alp and its numerical value may help us to constrain the parameter space of Yukawa couplings (A' A). We 
have also estimated indirect bounds on couplings (A i31 Ai33, A i32 Aj3 3 ).Our predictions can be matched with 
future experimental searches of rare B decays at Tevatron, B factories and at CERN (LHC collider). The 
comparison may indirectly verify I/l p prediction based on dominant sneutrino exchange process. 
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